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ABSTRACT 

PURPOSE: To prolong the time before a deposited material solidifies after melting by 
melting part of the material deposited on the substrate by irradiation with a first laser 
beam, then irradiating a molten part with a second laser beam, thereby heating only the 
deposited material on the substrate. 

CONSTITUTION: Hie surface of an amorphous silicon film 12 deposited on the 
substrate 10 is irradiated with the first laser beam to melt the irradiated part 16. The 
molten part 16 is irradiated with the second laser beam 18 having energy a wavelength 
longer than the wavelength of the first laser beam and a large beam diameter and having 
energy of a range where the deposited material is not melted before the molten part 16 
solidifies. The intensity of the laser beam 18 is previously so adjusted that the region 
around the molten part attains about 500 deg.. The molten part is irradiated plural times 
with the second laser beam 18 at need. There is an effect of prolonging the time before 
the silicon melted by irradiation with the second laser beam 18 and increasing the grain 
size of the crystallized silicon. 
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[Title of Invention] Method for Laser Annealing 
[Abstract] 

[Objection] 

It is an objection to provide a method for laser annealing, which enables 
heating only a semiconductor material deposited over a substrate and extending time 
till having the melted material solidified. 

[Structure] 

Immediately after irradiating a first laser beam 14 to melt a portion 16 of an 
amorphous silicon film 12, a second laser beam 18 with a longer wavelength and 
with a larger beam diameter than the first laser light is irradiated to the melted 
portion 16, Consequently, only a periphery of the melted portion 16 is heated 
locally. With this heating, the time needed till having the melted portion solidified 
is extended, and thereby, a grain size in crystallizing gets bigger, which can enhance 
mobility. 

[Tide of Invention] METHOD FOR LASER ANNEALING 

[Scope of Claim] 
[Claim 1] 

A method for laser annealing, of irradiating a laser beam to a material 
deposited over a substrate, 

wherein after irradiating a first laser beam to melt a portion of the material, 
a second laser beam that has a longer wave length than the first laser beam, a larger 
beam diameter than the first laser beam, and energy within a range that does not 
melt the material is irradiated to the melted portion before the melted portion is 
solidified. 

[Claim 2] 

A method for laser annealing as set forth in Claim 1, 

wherein the second laser Beam is irradiated repeatedly several times. 

[Claim 3] 

A method for laser annealing as set forth in Claim 1 or 2, 
wherein the material deposited over a substrate is amorphous silicon. 
[Detailed Description of the Invention] 
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[0001] 

[Industrial Field of the Invention] 

The present invention relates to a method for laser annealing, of irradiating a 
laser beam to semiconductor material and the like to alter a coordinate structure of a 
surface. 

[0002] 

[Prior Art] 

In the case of implanting an impurity atom for making a silicon crystal have a 
certain conductivity type into a silicon crystal, laser annealing is carried out to 
recover crystallinity of a crystal defective part after implanting an ion with a method 
such as ion implantation method and the like. Furthermore, in order to obtain a 
silicon semiconductor device with a high-speed operation, it is performed to anneal 
an amorphous silicon film deposited over a glass substrate with laser irradiation to 
make the amorphous silicon film polycrystalline and increase mobility of a carrier. 

[0003] 

An example of such method for laser annealing is disclosed in trust study skill 
information SDM-112 (1992-12). In this method, in addition to irradiating a laser 
beam to a surface of an amorphous silicon material, by heating the substrate with a 
heater, silicon melted by the irradiation of the laser beam is solidified slowly. It is 
reported herewith that a grain size of each silicon crystal in making the film 
polycrystalline gets bigger and properties of the film is improved. Furthermore, 
another method for laser annealing is disclosed in a Japanese Patent Laid-Open No. 
3-266424. In this method, it is reported that initial rise in temperature of the 
semiconductor substrate can be uniformed by irradiating a laser beam with a short 
wavelength from the upper side of a substrate, and thereafter, irradiating radiant 
light with a long wavelength such as a halogen lamp from the lower side of the 
substrate. 

[0004] 

[Problem to be Solved by the Invention] 

By the way, in the method for laser annealing disclosed in the trust study skill 
information SDM-112 (1992-12), since the whole substrate is heated with a heater, 
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for example, at about 400°Q it takes about 2 to 3 hours to cool the while substrate 
after annealing. Accordingly, the time till moving to the next step is wasted after 
the annealing is completed, and therefore, there was a problem that production 
efficiency is decreased when the method is used in an actual semiconductor 
manufacturing process* 
[0005] 

On the other hand, in the invention disclosed in the Japanese Patent 
Laid-Open No. 3-266424, a laser beam used for annealing is absolute one to excite a 
carrier, and annealing itself is carried out mainly by irradiating the halogen lamp. 
In this case, light from the halogen lump is irradiated for a long time, compared with 
a pulse emitted laser light. Accordingly, not only material to be annealed but also 
the whole substrate is heated at a high temperature. Therefore, it is forced to use a 
material with a high melting point as the substrate material, which leads to an 
increase in the costs. 

[0006] 

The present invention is based on the above situation and heating of the whole 
substrate is not necessary; and it is an object to provide a method for laser annealing 
that needs no heating of the whole substrate, accordingly, needs not to use a 
substrate material with a high melting point, and that can move to the next process 
immediately after annealing. 

[0007] 

[Means for Solving the Problem] 

In order to solve the problem mentioned above, the invention as set forth in 
Claim 1 is characterized in that, in a method for laser annealing of irradiating a laser 
beam to a material deposited over a substrate, after irradiating a first laser beam to 
melt a portion of the material, a second laser beam that has a longer wavelength 
than the first laser beam, a larger beam diameter than the first laser beam, and 
energy within a range that does not melt the material is irradiated to the melted 
portion before the melted portion is solidified. 

[0008] 
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The method for laser annealing that is the invention as set forth in Claim 2, is 
characterized in that, in the invention as set forth in Claim 1 or 2, the second laser 
beam is irradiated repeatedly several times. 

[0009] 

The method for laser annealing that is the invention as set forth in Claim 3, is 
characterized in that, in the invention as set forth in Claim 1 or 2, the material 
deposited over the substrate is amorphous silicon. 

[0010] 

[Action] 

According to the configuration above, in the invention as set forth in Claim 1, 
since the second laser beam has the longer wavelength than the first laser beam, the 
second laser beam gets to a deeper point than the melted portion to be absorbed 
when the second laser beam is irradiated to the portion melted by the first laser 
beam. Furthermore, since the second laser beam has the larger beam diameter than 
the first laser beam, the second laser beam is irradiated also to a surface outside the 
melted portion to be absorbed when the second laser beam is irradiated to the 
portion melted by the first laser beam. Accordingly, the material portion at the 
periphery of the portion melted by irradiating the first laser beam is heated not to be 
melted by irradiating the second laser beam, a temperature difference between the 
melted portion and the unmelted portion at the periphery thereof gets smaller, and 
dissipation of heat from the melted portion is decreased. Therefore, the time till 
having the melted portion solidified is extended and a grain size of the crystallized 
portion gets bigger. 
[0011] 

According to the configuration above, in the invention as set forth in Claim 2, 
the time till having the melted portion solidified is further extended and a grain size 
of the crystallized portion gets much bigger when the second laser beam is irradiated 
repeatedly several times. 

[0012] 

According to the configuration above, in the invention as set forth in Claim 3, 
the time till a melted amorphous portion solidified is extended and a grain size of the 
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crystallized portion gets bigger when the amorphous material deposited over the 
substrate is annealed with laser irradiation. 
[0013] 

[Embodiment] 

Hereinafter, an embodiment of the present invention will be described with 
reference to drawings. Herein, Figs. 1 to 4 are rough sectional views showing, in a 
chronological order, each process of a method for laser annealing, which is an 
embodiment of the present invention. 

[0014] 

In Fig. 1, a substrate 10 is a general glass substrate, and an amorphous silicon 
film 12 is deposited thereon. In the case of subjecting the amorphous silicon film 
12 to laser annealing, the amorphous silicon film deposited on the substrate is 
inserted into a laser annealing system (not shown in figure) first and the inside is 
vacuumed. Then, pulse laser 14 that is a first laser beam is irradiated to a surface 
of the amorphous silicon film 12 with a pulse width on the order or 10 nsec. 

[0015] 

The amorphous silicon film 12, as shown in Fig. 2, has an irradiated portion 
16 heated to melt when the laser beam 14 is irradiated. In a conventional method 
for laser annealing, even in the case of heating the substrate 10 additionally with a 
heater or the like, this melted portion 16 was solidified for about several hundreds 
nsec at the most. Accordingly, a number of microcrystals with a small grain size 
are produced in the solidified portion, and it was difficult to enlarge the grain size of 
the crystal in the recrystailized portion. 

[0016] 

On the contrary, in the present embodiment, following the irradiation of the 
laser beam 14 shown in Fig. 1, a second laser beam 18 is irradiated as shown in Fig. 
3 before the melted portion 16 shown in Fig. 2 is solidified. This laser beam 18 is 
set to have a longer wavelength than the initial laser beam 14 and to have a larger 
beam diameter than the laser light 14. 

[0017] 
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Since the laser beam with the longer wavelength has a small absorption 
coefficient compared with the laser beam with a shorter wavelength, the laser beam 
with the longer wavelength has a characteristic of getting to a deeper portion of the 
amorphous silicon film 12. Furthermore, since the laser beam 18 has a larger beam 
diameter than the laser beam 14, the laser beam 18 is also irradiated to a surface of 
the film outside the melted portion 16. Accordingly, as shown in Fig. 4, of the 
amorphous silicon film 12, a region 20 at the periphery of the melted portion 16 is 
heated locally. Hereat, the intensity of the laser beam 18 is adjusted to make the 
region 20 of the amorphous silicon have a temperature of about 500 °C. 

[0018] 

When Q-switched YAG laser is used as a light source of the laser beams 14 
and 18, there is an advantage that the above-mentioned two laser beams can be 
obtained from the same light source. Namely, the YAG laser has infrared light that 
has a fundamental wave with a wavelength of 106 nm, and a wavelength of the 
second harmonic as green light is 532 nm and the third harmonic as ultraviolet light 
is 355 nm. Therefore, it becomes possible to use the third harmonic as the laser 
beam 14 and the fundamental wave or the second harmonic as the laser beam 18. 

[0019] 

As mentioned, when the region 20 is heated locally, a temperature difference 
between the melted part 16 and the region 20 at the periphery thereof gets smaller, 
and heat scattered from the melted portion 16 is decreased. Therefore, the time till 
the melted portion 16 solidified is extended. Since this extended time depends on 
an irradiation time, intensity, a beam diameter, and the like of the laser beam 18, by 
adjusting them, an appropriate extended time can be set depending on an annealed 
material and the like. Furthermore, the second laser beam 18 may be irradiated 
plural times, which enables making the time till having the melted portion 16 
solidified longer. As a result, the time till having the melted portion solidified is 
extended up to about microseconds, for example, and the melted silicon can be 
solidified slowly. As mentioned, it is known that a grain size of crystallized silicon 
gets bigger and mobility is improved as the time till having the solidification 
extended. 
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[0020] 

Since the two laser beams 14 and 18 are used and only the portion 20 at the 
periphery of the melted portion is heated locally as mentioned above, the substrate 
10 has a small rise in temperature. Therefore, there is no problem when a general 
glass with a low melting point is used for a substrate, which can reduce a cost 
instead. Furthermore, since the substrate 10 is not heated, the time till having the 
amorphous silicon film 12 cooled is shortened considerably. Accordingly, it is 
possible to move to the next process immediately after annealing is completed and 
to promote of efficiency in a manufacturing process. 

[0021] 

[Effect of the Invention] 

As described above, according to the present invention, immediately after a 
material such as amorphous silicon is melted with a first laser beam, a second laser 
beam is irradiated to heat a periphery of the melted portion and extend the time till 
having the melted portion solidified. Hereby, when this melted portion is 
crystallized, a grain size of the crystal can be made bigger and a semiconductor 
material with high mobility can be obtained accordingly. In addition, since a 
portion heated by the second laser beam is limited to the local portion, it is possible 
to shorten the time till having a substrate and silicon cooled and to move to a next 
process immediately, and efficiency in a manufacturing process can be promoted. 
Furthermore, since a substrate is not heated in annealing, it is not necessary to use a 
material that has a high melting point as a substrate material, and a method for laser 
annealing that can reduce a production cost can be provided. 

[Brief Description of the Drawings] 
[Fig. 1] a rough sectional view showing a state of irradiating a first laser beam to 
amorphous silicon deposited over a substrate 

[Fig. 2] a rough sectional view showing a state where a portion of a surface of the 
amorphous silicon is melted by irradiating the laser beam 

[Fig. 3] a rough sectional view showing a state of irradiating a second laser beam to 
the melted portion 

[Fig. 4] a rough sectional view showing a state where a periphery of the melted 
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portion is heated 

[Explanation of the Reference Number] 

10 substrate 

12 amorphous silicon film 

14 first laser beam 

16 melted portion 

18 second laser beam 

20 heated portion 



9/9 



<i9>B*ffl4#HF»t ( j p) (m^lli^pf (a) '(umBHttrans*- 

¥fm¥-7 -187890 

(43)4^10 7 ^(1995) 7 J! 25 0 

(51) Int. CI. * g£#Jie^ FI 

C30B 29/06 Z 8216-4G 

H01L 21/268 Z 
21/324 Z 



(21)m^S^- ¥tm¥5 -347875 


(7oajsA 


000006655 






Sf0*^^^tt 


(22)tti^0 5pj£ 5 ^(1993)12.8220 




m^SWEBEA^nr 2TI6S3f 




(72)*W# 


t§fEi tin?] 






w^jnmffi«^mi^^ja 5 t a io# i w 






m 0 *mmm^\±.^ ^? hn-^« 










(72)3§0m 








#^n»ffi«ii> maiiHa 5 t a io# i ^ 
















(74){tSA 


^ra mm 








(54) [&m<D&m l — if— r=— y ^i/^ 



(57) l§|£)] 

mm m-<o u—v-k i 4 t-c#sii/ v 

^^II 2 CD— SP 1 6 Sri£§*£*fcB:gtc N OV- 




✓ ^ ✓ ✓ ✓ y > y 
V X % \ X ^ X X X 

^ S / S ' S S S * 



1 

fcfctr<0^itLfcgB^@ft:-r-5W»w x Mam-cow 
-if-3fc<fc t> Buf2^-coi — if-;feJ:y 

i^^f^o 10 

[§1*521 W^-cov-if-jt^fgciHi^OiSL 
£oooil 

.' if— *SrMWUT^®cDffi&ffiitSr5fi:^-r5U'— -9 s — T 20 
(0 0 0 2] 

w— if— T~— y v^triPttS,, 

feiic*ta$Hfc^@-> y =» u- tf-^MSt u 
[ o 0 o 3 ] u — -tf— y ^y^&co— 09 

{f^&&SDM-U2(1992-12) (C^$ixTV>^ <> 

w— if— 3fecora|fe^giufc->y 3^$r^>o< y tmit 
ClJi/lciiy, #^Sifc-r-5^to=g->y is&g, 

fc. !f— T=— y V^*j£d5#^^p3-266424^- 

a*£>4£i!£*to u — if— .^cofg, g&coTflfl 40 
f> a ^> 7 V^cofti6ftcD^M3fc«:Mtt^-<5 ^ t 

{00O41 

SSDM-l 12 (1992-12) 

*n-r sit-ctc, {59±ii 2~3^es^ratrii-r5. 



2 

[00051 — *\ BUI2#ga3p3-266424^«ie«»^ 

y T«r®e$-erifc«)cofccoT-$>«3. r=-y>- 

^cofctotiatt tt^nyy7^/©f,Wl-iotff 
*>nSo ico^g-. '^*.$§3fc£*u5 if— mat 

§&£*vS„ UfciSoT, LTIiifSV^SS:* 

[0oo6i *mwft±.r£mmzm^xf3:&ihtcb0> 

£L<omwitt&&m^z,&wzfrt£< . r=— 
Lfc«. a*>{cj!fc£ox©jci^f -c*t -5 u— if— t-- y 

[0 0 0 71 

tc, ft*^iie«co^j± v *«jhKit«£ nitrate 

1 — if — 3t5rfSW-t-5 w— if— y 

T, Sg-coi— if-3t$rMftU-Cw^*r»0-S5?rS®! 

ffilSco^^^— Sr^r-r^^-cou— if— 3t«r. 

[OOO 81 li*JS2!Ste<og£9?-C;fo$ w— if— r=— 
y>-^3feli, »#^lXli2fe««93§i5iK::}3^-C, fl 
12^- cd if-ft SrSfHslIgs 9 ig i t 

WLt-tZ>i><OXir>2>. 

[0 0 0 91 m*«3a«c<O^T'*>5W-if— T-- 
y>-j/*&!4. i»*^lXli2^«co^J<ltiVNT, S 

[O 0 1 o 1 

[f^ffli i m&<nmm(mm<omi&\ct. <o . m- 
co u—if-sfetefi-o w-if-jfe j: y t&ft^ftv-co 

ftt+zt. mmi*tz&&£r)i>m^tzz>3ixmvx®L 

flX^ttS. m~co w— if-3tl*m— co U'— if-3fc 

Jry fcf— A^^#t^cr>T\ rix^m-cOL'— if— 3t 

^•Caco«ffitctrajt$ix-C®ilZ$ni. rnCJ:9, m 
—CO w-if-3fccDfiB#t«CJ; oT^gt^tL/cgP^co^fflco 
*m£B#tt\ ^-<o u— if-3tcoogW{c J; o r@St L/i 

v^H-c-*pgi$4x. im.i*rc&ftk*:<omw<Dmm\^x 



3 

[ooii] i§*«2e«o^?gi±B«fe«o^fife^i •> . 

10 0 12] lfi*^3^<DfS^J±flufe<D#|fietC i 9 » 

YbUT^ 8 ^-r^*T-W^j)SjlSStv. ^SftbfcgC 10 
< fc5„ 

[00 13] 

«RlT-fcS u— if-T=— y v^jfe<D=S-xm«r^^JW 
(0 0 14] anctsv^, £El0«Mo^7 7iS 

«t-*> 9 . r © jijai^g v- y => i 2 tfiisa * h 
-cv>5. rtb^r u— if— r=— y vm^-, si", 
i/-- if— 7--!) (d^-frT) -#AL, rtSB 20 

3r3K£(c-f-*„ -tut, ^— <r>v— if— 3tX'tbZ>'<fr* 
U— If— 1 4 Sr l o-^-yfj'g^cox^^^x^SS^y 

3 i 2 <o^®tcMm--5„ 

10 0 15] #M,W~> V 12tt, @2 JC^-T J; ? 

tt*pa^nrgit-t-.5„ If— T— — V 

tfc-Ott, mm 1 0 t - * ^T-»I^*0ia U fc4#£-T- 

[0016] ;:*ui*t Ufc*J60iT-ra\ @ l icm uifc 

1 6 i>m{t-tzmc^ ia 3 tc^i-± 5 nig 2 © u— if— 

* 1 8 SrM#t1-5. n<0 u-lf-ft 1 8 U~ If 
—ft 1 4 ± 9 , l — If-ft 1 4 <fc 9 t> tr— 

[0 0 17] &fi:#gVM/— if— 3fcJ± x ScB^M^U— 

^81 2<D«t0^^5)-*T-ai--5tV^9tta^fcSo 40 
U — If-ft 1 8 14. ^rWtf— V— if— 3t 1 

4 4:9 4>*:#vmot- v 1 6 ©*H8Sc>I^®K: t> 

y =» 1 2 © ? 1 6 <Dmm<Dm®. 2 o a*^ 

&#}\z1]Qm£iiZ>. -<nt£ u— if — ft 1 8 (D&mti. 
*SS->y 3 V<0®^E2 0^5 0 0" CS^coagi:^ 

[0 0 18] U— if— Jtl 4M1 8W3t|gt LTQ^ 
-fyfYAGU- if-£ffl<^-5<t. m-<03ti®7i»P>±a . 
-o<0l^— if— 3tSr#S^^:J)5^:*#ii:^^p^l|^755i> 50 



5„ i"^^*>, YAGW— if— f4S*SSEt0^gj)5 l 0 6 
4nDi0^3teT?S>*). m~ mm&<0$i-g:l*S 3 2na<0^ 
feft. f? = ^IS$U4 3 5 5nn>©^5fc-C$>.5 0 Lf^o 

-c. ^Hits^^i — f-3ti4iu m*&xn&~ 

iSSSSKS: v— if-ft 1 8 b UTffiffltS r £ # pjggt * 

[0019] rcoi 9 2 o (DUfttfm&mziiam 
/«c<^5«, ifei^T, i^jagp^i 6d5@rb-r5*-c© 

■if-5fel 8WflBJf^ s 

ft*** fjc^ D Tig m itirtii-CfS. 
^-<D u-1f-3t 1 8 {±, ^(HUc^fcoX^W 

u-ct>«t<. r<^>i:p ^-rnif „ ^stas^ 1 6 tmtt-t 

^FK ASS < tt 3 £ , ig^fk Ufc -> y n ><D^Sji^^ < 

[0 0 2 0] Jifa<DJ:9jc-o<ou— if— ftl 4i5.tf 1 
8$:fflU^T. ^»aS55-coJlffl(DM«2 0 jfttSr^SflfttC 
»I^i-^t0T% Sffil 0©}SSJi#tt^7iv\ Lfciio 

i o*5*pi*^^v^x-. SgioRu t #Sfi'!;3y 

811 2&&n&thZtiX-<Dftfflfc±ffil,Cj8M£thZ, a C 

[0 0 2 1] 

Sf->!i =^^<C«»:*«0«-»?r^— <Oi^— if— 
tz.mkK^~<0 1 — 1f-3t«rfi8lti-5 w b K <fc 9 . i&m 

<>xm§&&hz><D(±mtRft}&Mcmi£Ziiztzit>. mm 
Rx?~>'j =^&ftmztvz>*.x-<otifffl$:fa.mx'%^ a:*. 
ic&<DT.mL^mfX'£ z><dx\ MmjL&&%im<t-rz>z. 

[Sffiofii^^W] 

[0 1 ] £«Jblc*a$ttifc^SS->y =« u 
(0 2 ] U- if — 3fe<7>eB$tlc j; r> ^f-> y r=. 
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